A cadmium and zinc-binding protein similar to metallothionein has been isolated from Tetrahymena pyriformis exposed to cadmiumchloride. This protein contained 32.4% half-cystine, 23.7% acidic amino acids and 10.1%lysine. The amino acid composition was similar to that of copper-thionein of yeast. The metal-binding protein of Tetrahymena pyriformis contained 3.7 g atom cadmium, 0.7g atom zinc, and O.lg atom copper per mol, and showed the spectral characteristics of cadmium-thionein, i.e., a broad shoulder at 250 nmand low residual absorption at 280nm. The molecular weight of this protein was determined to be ll,000 by gel filtration in 6m guanidine hydrochloride, although it movedlike a protein with a molecular weight of 30,000 on ordinary gel filtration.
Metallothionein is the metal-binding protein that is induced by heavy metals and is rich in cysteine. The protein occurs in many kinds of vertebrates and invertebrates.1~12) But there have been few investigations of microorganisms metallothioneins or metallothionein-like proteins. They were found in Saccharomyces cerevisiae,13) Synechococcus sp.,14) Neurospora crassa,i5) and Tetrahymena pyriformis.i6) In comparison to the ammo acid composition of mammalianmetallothionein, copper-thionein of yeast13) is rich in acidic amino acids, and cadmium and zincthionein of a blue green alga14) is poor in cysteine. On the other hand, the primary structure of Neurospora metallothionein is very similar to that of the amino-terminal side of mammalianmetallothionein although its molecular weight is about one third that of mammalian metallothionein.17) Yamaguchi et al. reported that a metallothionein-like protein was synthesized in Tetrahymena pyriformis whenthe protozoa were cultured in a medium containing cadmium.16) But the protein has not been purified, and its properties have not been elucidated. It has become of phylogenetical interest to find out how different a metallothionein-like protein of protozoa is from the metallothionein of higher animals. In this paper, we will report on the purification and some properties of the cadmiumand zincbinding protein of Tetrahymena pyriformis.
MATERIALS AND METHODS
Microorganisms and culture*. Tetrahymena pyriformis was used. The basal mediumconsisted of 2.0% proteose peptone (Difco), 0.5% yeast 'extract (Difco) an 0.8% glucose.18) After precultivation at 30°C for 3 days with aeration in the basal medium, 1x10~5m cadmium chloride was added into the cultures and cultivation was carried out for an additional 3 days. In the insert, partition coefficients (Kd) of cytochrome c (A), myoglobin (B), chymotrypsinogen A (C), hen egg albumin (D), bovine serum albumin (E) and a cadmium and zinc-binding protein (dotted line) were plotted against logarithms of their molecular weights. tionated by organic solvents was eluted from a Sephadex G-100 column as a single peak of cadmium, zinc, and absorbance at 250nm (Fig.  1) . The metal-binding protein of Tetrahymena pyriformis was eluted from a DEAE-Sephadex A-25 column by a convex gradient of the concentration of Tris HCl buffer (pH 8.6), and was not separated into two proteins as mammalianmetallothioneins (Fig. 2) . Disc polyacrylamide gel electrophoresis of. the cadmium and zinc-binding protein obtained by ion-exchange chromatography resulted in a single band (Fig. 3) . These results show that one kind of metallothionein-like protein exists in Tetrahymena pyriformis, being different from observations in mammals.
Spectral characteristics
Ultraviolet absorption spectrum of the protein had low residual absorption at 280nm and a broad shoulder at 250nm which disappeared in 0.01 n HC1 solution (Fig. 4) . These are the spectral characteristics of cadmiumthionein, and absorption at 250 nm is thought to be due to cadmium-sulphur coordination.2^The absence of tryptophan and tyrosine was also shown by low absorptions at 288 and 280nm of the protein in 6 m guanidine hydrochloride.
Molecular weight determination
The molecular weight of a cadmiumand zinc-binding protein of Tetrahymena pyriformis was ll,000 when determined by gel filtration in the presence of 6 m guanidine hydrochloride (Fig. 5) , although the protein behaved on Sephadex G-100 column chromatography as if its molecular weight were 30,000 (Fig. 1) .
Wehave no quantitative datum as to how There is no evidence that cadmium and zinc-binding proteins of molecular weight 1 1 ,000 associate to form a molecular aggregate which behaves as a protein of molecular weight 30,000 on ordinary gel filtration.
SDSdisc gel electrophoresis was not available for solving this problem because metallothionein or metallothionein-like protein showed abnormal behavior on SDS-disc gel electrophoresis as noted above. It is well known that native mammalian metallothionein of molecular weight 6,000~7,000 moves like a protein of molecular weight 10,000 on gel filtration be- 
Metal composition
A cadmium and zinc-binding protein of the protozoa contained 3.7 g atom cadmium, 0.7 g atom zinc and 0.1 g atom copper per mol of the protein (Table I ). The total metal content of the protein (4.5g atom per mol) was approximately two thirds of that of mammalian metallothionein although the protein was about twice as large as the molecular weight of mammalian metallothionein. Metals might be released from the protein during purification procedures because the protein, as mentioned later, contained more cysteinyl residues than those needed for 4.5 g atom metals.
Aminoacid composition Table II shows the amino acid composition of a cadmium and zinc-binding protein purified by DEAE-Sephadex A-25 column chromatography. The protein consisted of a numberof half-cystine as well as acidic amino acids. The thirty four cysteinyl residues cannot account for the total metal content per mol if each metal binding site includes three cysteinyl residues and any other ligand. In comparison with mammalianmetallothionein, there is a relatively higher proportion of acidic amino acids in a cadmiumand zinc-binding protein of the protozoa (Fig. 6) . The high content of acidic amino acids may be a reason why the protein was muchmore behind in being eluted from a DEAE-SephadexA-25 column than rat renal metallothionein when eluted by a linear gradient of sodium chloride concentration. The cadmium and zinc-binding protein isolated in this study from Tetrahymena pyriformis rather resembles a Saccharomyces copperbinding protein13) in amino acid composition than a heavy metal binding protein of Synechococcus, a blue green alga belonging to the lowest division of the vegetable kingdom, which was poor in half-cystine, rich in neutral amino acids other than cysteine, serine, and threonine, and contained some aromatic amino acids that are not in mammalian metallothioneins. 14) It is interesting that Tetrahymena pyriformis, which is a protozoa belonging to the lowest phylum of the animal kingdom, has only one metallothionein-like protein which is about twice as large as the molecular weight of mammalianmetallothionein, although higher Aminoacid compositions of a metallothionein-like protein obtained in this study from Tetrahymena pyriformis (A), copper-thionein from Saccharomyces cerevisiae13) (B), equine renal metallothionein 1B1} (C), and cadmium and copper-thionein from Synechococcus sp.14) (D) are shown as a residual percentage. I shows serine plus threonine; II, half-cystine; III, other neutral amino acids; IV, aromatic amino acids; V, acidic amino acids; and VI, basic amino acids.
animals have two kinds of metallothioneins.
Lerch suggested that the gene of the Neurospora copper-binding protein of molecular weight 2,200 was related to the primordial gene of the vertebrate metallothioneins of molecular weight about 6,000 through gene duplication.17) It is a subject for a future study whether a cadmiumand zinc-binding protein of Tetrahymena pyriformis of molecular weight of 1 1,000 resulted from duplication of the gene of vertebrate metallothionein.
